INTRODUCTION {#sec1-1}
============

Cancer is a heterogeneous disease with complex molecular alteration that includes the genetic and epigenetic changes. Oral squamous cell carcinoma (OSCC) is the 8^th^ most common oral malignancy constituting 90% of all oral malignancies,\[[@ref1]\] with higher incidence in South Asian countries. About 80% of oral carcinomas are preceded by oral potentially malignant disorders, most often, persistent leukoplakia or oral submucous fibrosis.\[[@ref2]\]

Proliferation, apoptosis and differentiation are fundamental aspects of tumor biology.\[[@ref3]\] Several oncogenes are involved in initiation and progression of cancer. Proto-oncogenes such as c-Myc and Bcl-2 categorized as genes regulating cellular proliferation and genes evading apoptosis are documented in tumor progression. c-Myc gene located on chromosome 8q21 is a nuclear transcription factor involved in cell proliferation, differentiation and apoptosis. It is implicated in activation of cyclin-dependent kinases facilitating transcription, therefore promoting cell proliferation.\[[@ref4]\] Bcl-2 is an antiapoptotic gene on chromosome 18, which maintains membrane integrity of mitochondria and involved in apoptotic pathway. It evades apoptosis and facilitates cell survival.\[[@ref5]\]

Cellular oncogenes, c-Myc and Bcl-2, have a parallel effect in progression of tumor. Several studies documented the synergistic mechanism of Bcl-2 and c-Myc in the abrogation of apoptosis and facilitating abnormal proliferation of the cell.\[[@ref6][@ref7]\] Literature contains limited data regarding these proteins and their coexpression in oral dysplasia and OSCC. However, it is unclear whether the overexpression of these genes can be identified as molecules to forecast the aggressiveness, prognosis and be useful in treatment. Thus, the present study is an effort to unveil the unclear aspects of these proteins in oral dysplasia and OSCC.

MATERIALS AND METHODS {#sec1-2}
=====================

This retrospective study constituting 70 cases of 10% neutral-buffered formalin-fixed, paraffin-embedded blocks was retrieved from the archives of department of oral pathology, which comprised *n* = 10 cases of normal gingiva, *n* = 30 cases of oral dysplasia (10 -- mild, 10 --moderate and 10 -- severe) and *n* = 30 cases of OSCC (10 -- well, 10 -- moderate, 10 -- poor). The set samples were further segregated demographically by age, gender, lesion site and habit history from the records.

About 3-μm thick sections were deparaffinized in xylene, rehydrated in grades of alcohol and washed. Antigen retrieval was done using Tris-ethylenediaminetetraacetic acid (EDTA) buffer for Bcl-2 (pH-9) and EDTA buffer for c-Myc (pH-8) in a pressure cooker. The cooker is left to cool toward room temperature, and the slides were washed with phosphate-buffered saline (PBS). Endogenous peroxidases were blocked by treating with peroxide block for 10 min. Sections were incubated with primary rabbit monoclonal antibodies that include Bcl-2 oncoprotein (PathnSitu; clone: EP36) and c-Myc oncoprotein (PathnSitu; clone: EP124) for 1 h. Target binder was used to enhance the uptake of secondary antibody for 20 min followed by incubation with secondary antibody poly HRP (PolyExcel HRP/DAB Detection System, Universal Kit, PathnSitu) for 15 min. After every single step, slides were washed with PBS 2 times. Each wash should be done for 5 min. Finally, sections were incubated with DAB for 3 min in dark, washed in water, counterstained with Harris hematoxylin and mounted.

Tonsil for Bcl-2 and carcinoma of stomach for c-Myc were considered as positive control. For negative control, the sections were treated with PBS instead of primary antibody. Resident lymphocytes positive for Bcl-2 and c-Myc were considered as internal controls. One positive control and one negative control were included with each batch of immunostained sections. Two investigators observed the sections under light microscope and evaluated using ImageJ software (developed at national institutes of health by Wayne Rasband, Bethesda, Maryland, USA). Observer variability was eliminated by achieving common consensus.

The expression of Bcl-2 and c-Myc was evaluated for distribution, intensity, percentage of positive cells, localization and immunoreactive scores. The authors of the present study modified Allred\'s semi-quantitative immunoreactive score to give a common score to all the lesions. The immunoreactive score was obtained by adding the qualitative and quantitative indices.

Staining evaluation was done by selecting ten representative fields randomly at 40× high-power magnification for quantification and localization of stain. Sections with \<50% positive cells were considered focal and \>50% as diffuse when viewed under lower magnification. Both nuclear and cytoplasmic localizations were considered as positive for both the antibodies. Qualitative assessment was done by evaluating the staining intensity which was classified into four groups: 0 -- no staining, 1 -- weak, 2 -- moderate and 3 -- strong. Quantitative analysis included the extent of staining and was classified as follows: (1) \<25% of epithelial cells demonstrated positivity, (2) 25%--50% of cells demonstrated positivity, (3) 50%--75% of cells demonstrated positivity and (4) \>75% of cells demonstrated positivity. A final immunoreactive score was established by adding qualitative and quantitative indices. According to this final score, the cases were divided into four groups: 0 -- negative, 1--3 -- weak, 4--5 -- moderate.

Statistical analysis {#sec2-1}
--------------------

The statistical analysis was performed with the use of SPSS software, (IBM Inc, Chicago, Illinois, USA)version 16. Pearson Chi-square test was used for comparing the staining pattern, intensity and localization and immunoreactivity of the Bcl-2 and c-Myc in study groups. One-way ANOVA test and Kruskal--Wallis test were used for comparing average number of positive cells in different study groups. Tukey\'s honestly significant difference test was used for multiple comparisons among grades of different study groups. *P* \< 0.05 was considered statistically significant.

RESULTS {#sec1-3}
=======

Out of 70 cases, 49 (70%) were males and 21 (30%) were females within an age range of 20--80 years. Predominant cases reported in the 5^th^--7^th^ decade. The most common site affected by oral dysplasia is buccal mucosa 22 (69%), whereas tongue 13 (76.5%) is the most common site of involvement by OSCC. Smoking is the consistent habit observed in both the study groups.

Dysplasia showed 87% and 60% positivity for c-Myc and Bcl-2, respectively. OSCC showed 90% and 36.6% positivity for c-Myc and Bcl-2, respectively. The difference is statistically significant for c-Myc and Bcl-2 (*P* = 0.085 and *P* = 0.034, respectively).

Moderate intensity of c-Myc and Bcl-2 staining was detected in all the three study groups. Comparative analysis was done using Pearson Chi-square test which revealed statistical significance only for Bcl-2 with *P* = 0.010.

c-Myc and Bcl-2 showed exponential increase in positive cells with grades of dysplasia and OSCC (*P* = 0.000 and *P* = 0.042, respectively), with highest percentage in severe dysplasia (95.26% and 94.33%, respectively).

In spite of variations in immunolocalization, c-Myc and Bcl-2 were chiefly detected in cytoplasm of control as well as the study groups. Statistically significant correlation was achieved using Pearson Chi-square test with *P* = 0.000 and *P* = 0.015, respectively \[[Graph 1](#F1){ref-type="fig"}\].

![Comparative localization of c-Myc and Bcl-2 between control and study groups](JOMFP-22-325-g001){#F1}

Bcl-2 exhibited moderate immunoreactivity among all the study groups (*P* = 0.000). c-Myc showed varied immunolabeling from moderate to strong reactivity in different study groups \[*P* = 0.000; [Table 1](#T1){ref-type="table"}\].
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DISCUSSION {#sec1-4}
==========

Apoptosis, an active cellular process occurring both physiologically and pathologically, is responsible for normal turnover of adult tissue and of malignant tumors.\[[@ref8]\] c-Myc and Bcl-2 are the proteins involved in the regulation of apoptosis and cell proliferation. Any aberrations in normal integrated molecular network amid cell proliferation and apoptosis result in "oncogenic nexus" that drive toward growth and metastasis of tumor.\[[@ref9]\] These aberrations become strong indicators of cancerous transformation as well as cancers. OSCCs account for 30% of all cancers in India with 5-year survival rate below 20% when cervical metastasis is present.\[[@ref10]\] The present study also showed male predominance with peak incidence in the 5^th^--7^th^ decade of life which was in accordance with the literature.\[[@ref11]\]

In India, 50% of OSCC are seen affecting the buccal mucosa, whereas it accounts for 5% in Western countries.\[[@ref10]\] In the present study, most of the cases are associated with smoking and buccal mucosa is the most common site affected by OSCC.

OSCC most often arises from oral potentially malignant disorders. Epithelial dysplasia is the gold standard for the identification of potentially malignant disorders.\[[@ref12]\] In spite of extensive research on many molecular markers, still there are lacunae for reliable predictive molecular markers in OSCC. The present study focuses to test the hypothesis that whether the cellular oncogenes, c-Myc and Bcl-2, can be identified as molecules to forecast the aggressiveness and prognosis.

Tumor initiation results from the absence of checkpoints in cell cycle and genomic instability caused by telomere dysfunction. Telomerase gets activated in order to stabilize the length of chromosome after every cell division. Human telomerase reverse transcriptase is the catalytic subunit of telomerase which is regulated by cellular transcriptional activator c-Myc.\[[@ref4][@ref13][@ref14]\] Myc proteins activate cyclin-dependent kinases facilitating transcription and consequently promoting cell proliferation.\[[@ref4]\] Thus, dysregulation of c-Myc causes deregulated DNA synthesis, thereby uncontrolled cellular proliferation and malignant transformation.\[[@ref4][@ref13][@ref14]\]

Bcl-2 (B-cell lymphoma/leukemia-2) gene is an integral membrane protein first discovered in B-cell lymphomas. Radiation, cytotoxic drugs and reactive oxygen species disrupt mitochondrial membrane releasing cytochrome c which induces apoptosis. Bcl-2 inhibits such apoptosis by preserving membrane integrity.\[[@ref15][@ref16]\] Bcl-2 overexpression increases the longevity of the cell and thus provides chance for further accumulation of other mutations.\[[@ref7]\]

The present study showed 87% and 90% positivity of c-Myc within dysplasia and OSCC, respectively. Papakosta *et al*.\[[@ref13]\] (77%) and Segura *et al*.\[[@ref17]\] (87%) studies had similar proportions of positivity in dysplasia, while studies of Sakai *et al*.\[[@ref18]\] (100%), Scott *et al*.\[[@ref8]\] (98.57%) and Ozdek *et al*.\[[@ref6]\] (91.8%) supported the present observations within OSCC.\[[@ref6][@ref8][@ref13][@ref18]\]

Bcl-2 showed 60% and 37% positivity within dysplasia and OSCC, respectively (*P* = 0.034). The results of the present study in dysplasia showed similarity with Sudha and Hemavathy\[[@ref2]\] (100%) and Soares *et al*.\[[@ref3]\] (70%). This study showed a decline in Bcl-2 expression in OSCC. This probably suggests that Bcl-2 expression presents in early stages of carcinogenesis and gets diminished once the tumor is established which renders Bcl-2 redundant.\[[@ref5][@ref8]\] Lymphokines, transforming growth factor-β, p53, retinoids and phorbol esters are few contributing factors to be considered that influence the expression of which can thereby downregulate or upregulate Bcl-2.\[[@ref19]\] Scott *et al*.\[[@ref8]\] (35%), Singh *et al*.\[[@ref5]\] (25%), Ozdek *et al*.\[[@ref6]\] (36%) and Soares *et al*.\[[@ref3]\] (25%) also reported studies with diminished Bcl-2 positivity.\[[@ref3][@ref5][@ref6][@ref8]\]

The present study showed variable intensities of c-Myc and Bcl-2 within dysplasia and OSCC. Moderate intensity predominated in both the study groups that disclose a higher concentration gradient and an increased activity of both genes throughout the phases of carcinogenesis. When c-Myc and Bcl-2 were compared, only severe dysplasia showed moderate-to-strong intensity of c-Myc (*P* = 0.026). This suggests that c-Myc is more dysregulated in higher grades of dysplasia.

Basal, few parabasal layer cells of mild and moderate dysplasia and all the strata of severe dysplasia \[[Figure 1a](#F2){ref-type="fig"}\] expressed Bcl-2 positivity. Most of the cells in mild and moderate dysplasia were devoid of Bcl-2 expression. This reflects that Bcl-2 expression decreases with terminal differentiation and presence of Bax protein (dominant inhibitor of Bcl-2).\[[@ref5][@ref20]\]

![(a) Mild-to-moderate Bcl-2 expression localized in cytoplasm of severe dysplastic epithelium (×40). (b) Moderate-to-strong c-Myc expression localized in nucleus of severe dysplastic epithelium (×40). (c) Tumor islands of well-differentiated squamous cell carcinoma showing Bcl-2 expression at the periphery and no expression at the center (×40). (d) Tumor islands of well-differentiated squamous cell carcinoma showing c-Myc expression at the periphery and no expression at the center (×40)](JOMFP-22-325-g003){#F2}

The present study showed proportional increase in c-Myc expressing cells among grades of dysplasia and OSCC (*P* = 0.000 and *P* = 0.021, respectively). In dysplasia, c-Myc positivity proportionally involved the strata of the epithelium in accordance with grade \[[Figure 1b](#F2){ref-type="fig"}\]. Papakosta *et al*. and Bhattacharya *et al*. studies are in harmony with the result of the present study.\[[@ref13][@ref21]\] Baral *et al*. showed proportional increase in c-Myc expression in grades of OSCC.\[[@ref22]\] Eversole and Sapp showed parallel results in precancerous and early cancerous lesions.\[[@ref23]\] In the present study, among grades of OSCC, well-differentiated and poorly differentiated squamous cell carcinoma showed increased c-Myc expression compared to moderately differentiated squamous cell carcinaoma (*P* = 0.021). The likelihood of such result would be the variation in tumor location and its interaction with the surrounding environment and activation of tumor suppressor genes such as MM-1 might have antagonized c-Myc in such tumors.\[[@ref13]\]

Tumor islands with central keratinization showed Bcl-2 positivity at the periphery \[[Figure 1c](#F2){ref-type="fig"}\], but those without central keratinization showed positivity both at the periphery and in the center.\[[@ref20]\] This suggests that Bcl-2 expression is decreased in terminally differentiated cells. Majority of cases in the present study disclosed preponderance of Bcl-2 expressing cells in dysplasia and OSCC (*P* = 0.000 and *P* = 0.036, respectively). A significant difference was noticed when dysplasia and OSCC were compared for Bcl-2 due to decline in Bcl-2 activity in many of the OSCC cases (*P* = 0.000).

Entire tumor cell population in poorly differentiated squamous cell carcinoma (PSCC) showed Bcl-2 expression indicating that these cells are not undergoing terminal differentiation and have acquired resistance to apoptosis. The present study revealed many Bcl-2-negative PSCC cases disclosing them as highly anaplastic tumors.\[[@ref20][@ref24]\] Suri, Chen *et al*. and Muzio *et al*. studies are consistent with this study.\[[@ref20][@ref25][@ref26]\] Difference in the expression patterns may be because of the caspase cleavage of Bcl-2 protein ultimately leading to degradation of the protein in such tumors.\[[@ref20][@ref24][@ref27]\]

The same pattern of distribution was observed in the tumor cells with respect to c-Myc \[[Figure 1d](#F2){ref-type="fig"}\]. In addition to cellular proliferation, c-Myc also plays a role in inhibiting cellular differentiation. *In vitro* downregulation of c-Myc gene causes increased cellular differentiation in several cell types.\[[@ref8]\] Results of the present study showed decreased c-Myc expression in terminally differentiated cells. Most of the cases in the present study showed greater proportion of cells expressing c-Myc in dysplasia and OSCC (*P* = 0.003 and 0.423, respectively) and also between grades of dysplasia and OSCC (*P* = 0.003). Bcl-2 expression in severe dysplasia was significantly greater than in PSCC, which reflects downregulation of Bcl-2 in relation to terminal differentiation\[[@ref3][@ref5]\](*P* = 0.042). These findings were consistent with Singh *et al*., Soares *et al*. and Tete *et al*. studies.\[[@ref3][@ref5]\]

C-terminal membrane insertion domain of Bcl-2 targets the protein to intracellular membranes of mitochondria, endoplasmic reticulum and nuclear membrane.\[[@ref5]\] Proteins that lack such transmembrane domain are localized in the cytoplasm but still retain antiapoptotic property.\[[@ref28]\] Variable subcellular localization patterns of Bcl-2 \[[Figure 2a](#F3){ref-type="fig"}\] were observed of which cytoplasmic expression was predominant in majority of cases of dysplasia and OSCC \[[Graph 1](#F1){ref-type="fig"}\]. Several other studies were consistent with the present study.\[[@ref3][@ref5][@ref7][@ref8]\]

![(a) Tumor cells of poorly differentiated squamous cell carcinoma showing cytoplasmic and membrane Bcl-2 expression (×40). (b) Tumor islands of moderately differentiated squamous cell carcinoma showing nuclear Bcl-2 expression (×40). (c) Tumor islands of moderately differentiated squamous cell carcinoma showing nuclear c-Myc expression (×40)](JOMFP-22-325-g004){#F3}

Interestingly, one case of MSCC disclosed nuclear positivity \[[Figure 2b](#F3){ref-type="fig"} and [Table 2](#T2){ref-type="table"}\]. Nuclear Bcl-2 positivity was reported in limited OSCC cases. Kannan *et al*. observed similar results of strong nuclear positivity in 23% of OSCC cases.\[[@ref29]\] Cytoplasmic Bcl-2 prevents apoptosis, whereas nuclear Bcl-2 inhibits activation of transcription factor and nuclear factor-κB, thereby inducing apoptosis rather than preventing it.\[[@ref28][@ref30]\]
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The present study showed variable localization patterns of c-Myc among which cytoplasmic expression dominated in majority of dysplasia cases, whereas nuclear expression predominated in grades of OSCC. Ectopic expression of c-Myc is sufficient for induction of cell-cycle progression; thus, cytoplasmic c-Myc promotes proliferation and further inhibits cellular differentiation.\[[@ref4][@ref17][@ref18]\] Eversole and Sapp reported consistent outcomes in cancerous lesions.\[[@ref23]\]

Literature revealed no studies differentiating cytoplasmic and nuclear localization of c-Myc in dysplasia. Pérez-Sayáns *et al*. and Sakai *et al*. studies on nuclear and cytoplasmic localization were the only documented reports differentiating the staining localization of c-Myc in OSCC.\[[@ref4][@ref18]\] The present study also differentiated nuclear and cytoplasmic localization of c-Myc among grades of OSCC (*P* = 0.012) \[[Graph 1](#F1){ref-type="fig"}\]. Nuclear positivity dominated in majority of the cases which showed larger nuclei and pleomorphism \[[Figure 2c](#F3){ref-type="fig"}\] which reflects that subcellular localization has an effect on biology of neoplastic cells. Segura *et al*. showed similar findings of nuclear overexpression in 73% of OSCC.\[[@ref17]\] Cytoplasmic staining of c-Myc has a better survival when compared to the nuclear staining that has higher proliferation and is thus aggressive.\[[@ref31]\]

Overall immunoreactivity of the lesions for both the proteins disclosed moderate immunoreactivity in dysplasia (*P* = 0.005 and *P* = 0.013, respectively), whereas OSCC showed strong immunoreactivity with c-Myc and moderate-to-strong reactivity with Bcl-2 (*P* = 0.000 and *P* = 0.029, respectively). Substantial results were obtained when grades of dysplasia and OSCC were compared with control group with both the markers (*P* = 0.000 and *P* = 0.000) \[[Table 1](#T1){ref-type="table"}\]. Bcl-2 immunoreactivity was more in dysplasia and had diminished activity in OSCC, whereas c-Myc immunoreactivity had an exponential increase from dysplasia to OSCC.

CONCLUSION {#sec1-5}
==========

The authors concluded that these proteins act in synergism in early phases of carcinogenesis, whereas in later stages, due to diminished activity of Bcl-2, c-Myc interacts in coordination with other oncogenes contributing to tumor progression. Bcl-2 can be used as indicator of early carcinogenesis and its expression is inversely proportional to degree of differentiation of OSCC. Subcellular localization of Bcl-2 and c-Myc alters the functional, morphological and biological activity of the tumors.

Accumulating evidence from the study enroutes the great challenge to explore anti-Bcl-2 and anti-c-Myc agents to best utilize at specific grade of the lesion to curb the process of tumorigenesis. Several promising inhibitors of Bcl-2 and pan Bcl-2 inhibitors are developed to achieve antitumor domino effect \[[Table 3](#T3){ref-type="table"}\]. They induce death of the tumor cells by inhibiting the Bcl-2 pathway.\[[@ref32]\] c-Myc inhibitors, certain small molecule ligands, have been developed for therapeutic approach in the prevention of tumor advancement by targeting transcription and downregulating c-Myc gene \[[Table 3](#T3){ref-type="table"}\].\[[@ref33]\] In spite of advanced novel treatment strategies, still there is an urge for the development of panel of molecular inhibitors that would bring about antitumor effect in multiple prospects to alleviate the suffering of cancer patients.
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